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In this study, seasonal observations of hydrochemical parameters were measured in the estuarine regions of  Gautami 
Godavari (GGE) and Vasishta Godavari (VGE), which are surrounded by extensive mangrove swamps and closely spaced 
beach ridge-swale complex, respectively. A significant vertical stratification in the water column showed in the VGE region 
due to the strong influence of saline water intrusion. NO2- -N was higher and NO3- -N was lower in VGE during the end of 
the post monsoon season with reference to excretion by phytoplankton and uptake during the process of primary production 
respectively, which is also supported by higher concentrations of Chlorophyll a. Nutrients (NO3- -N, PO43—P and SiO42--Si) 
showed conservative behaviour with salinity in GGE, whereas, in the case of VGE absence of this is due to intrusion of 
saline water was significantly higher. 
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Introduction 
Estuaries are highly dynamic, biologically diverse 
and highly productive ecosystems, support to survive 
more population, which depends on catchment1,2.  
Rapid increase in the population becomes a major 
concern for substantial requirement of alternative 
food. Therefore, the aquaculture has become a 
significant and rapidly growing component of world 
aquatic production. Mostly aquaculture ponds are 
found in and around the river and estuarine waters.  
The discharge of washings and effluents from these 
ponds are directly affecting the ecology of the 
adjacent water bodies. India is known as the second 
largest country for the aquaculture, about 95 % of the 
aquaculture; is based on the freshwater farming and 
the rest 5 % comprises of brackish and marine 
farming.  Andhra Pradesh ranks first in coastal and 
second in fresh water aquaculture, situated around 
Godavari River.  The River Godavari is India's second 
longest river after the Ganga. At Dowleswaram, it 
bifurcates into two main distributaries called Vasishta 
Godavari (VG) and Gowthami Godavari (GG). These 
are the western and eastern distributaries of the 
Godavari Esturine system and drains into the Bay of 
Bengal.  Both the estuaries are influenced by 
anthropogenic runoff from small and large-scale 
industries, domestic, agriculture and aquaculture 
activities etc.  The average width of the GG (~1200 m) 
was significantly higher compared to the VG (~900 m), 
so high volume of fresh water discharge (67 %) enters 
into the former estuary3,4 from upstream during 
monsoon season. GG was surrounded by extensive 
mangrove swamps, which were intermixed by thin 
beach ridges appears to be a river dominated estuary.  In 
contrast, Vasishta, with the closely spaced beach ridge 
plains seems to reflect a more wave-dominated system5. 
Because of this contrasting geomorphic features and 
anthropogenic activities, significant difference in 
biogeochemical processes may be taking place in these 
estuaries. In this regard the present study is proposed to 
address the hydro chemical parameters distribution in 
both the estuaries. To achieve our objective seasonal 
observations were done in both the estuaries from 
upstream to downstream. 
 
Materials and Methods 
Field works werecarried out in both the estuaries 
from upstream to downstream region during the end 
of the three seasons (October 2016, Monsoon; 
February 2017, Post monsoon; June 2017, Pre 
monsoon season) using mechanized boats. Water 
samples were collected fromsurface (< 1 m) and 
bottom (~ 5 or 10 m, based on column depth) by using 
Niskin Sampler at the three stations in each estuary 
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both the estuaries due to winter coolingreported 
earlier in these estuaries7-10.  Salinity varied from  
0.30 to 34.45 in VGE, whereas in the GGE ranged 
from 0.16 to 29.77.  It showed increasing trend from 
UE to LE in both the estuaries during all the seasons 
(Fig. 2 a-f) due to terrestrial fresh water influence 
decreases and intrusion of saline water increases.  
However, significant low salinity water observed in 
our study in the UE of both the estuaries during the 
end of the premonsoon season due to the release of 
stored water by the irrigation department, Govt. of 
India from the dam which was located at upstream11 
(Discharge data during the study period included in 
the appendix Table 1).  Temperature and salinity play 
major role in the density stratification in the aquatic 
environments.  In this study, temperature did not 
show significant difference in the surface and bottom 
waters in both the estuaries. But, salinity showed 
significant differences between the surface and 
bottom waters were significantly high in the VGE 
(~5.88) throughout the study period than the GGE 
(~2.65 PSU).  Previous study on VGE stated that the 
salinity gradient index was significant between the 
surface and bottom waters7.  Therefore, salinity plays 
a major role in the density stratification in VGE, due 
to the intrusion of the marine water.  In the case of 
GGE, which receives significantly high fresh water 
input compared to VGE during monsoon season leads 
to the less horizontal and vertical gradient in salinity. 
However, in the remaining seasons mixing in GGE 
was observed due to deep water column in the middle 
of the estuary3,12. 
Water pH ranged from 7.35 to 8.62 which showed 
(Fig. 3 a-f) significant decreasing trend from UE to 
LE in both the estuaries during the end of the 
monsoon season due to the removal of CO2 during the 
process of photosynthesis13 in the downstream. 
However, during the end of the post monsoon season 
pH increased from UE to LE in VGE, but in GGE 
significantly lower values in ME which might be due 
to bacterial respiration of organic matter released CO2 
in to the water column.  This is also reported in the 
GGE, Grass Primary Production (GPP) to Respiration 
(R) ratio was <1 as production takes place only in the 
upper water column (~3 m) and respiration takes 
place in the entire water column14. During the end of 
the pre-monsoon season, pH showed opposite trend in 
these estuaries, which showed decreasing trend from 
UE to LE in VGE and vice versa in GGE.  This could 
be due to in situ biological consumption associated 
primary production that leads to decrease of pH  
during no discharge period in VGE  from upstream to 
downstream.  Similar observations were also reported 
in other aquatic environments15-17. Whereas, in the 
case of GGE, increase of pH from upstream to down 
stream could be due to respiration of organic matter. 
This also reported in this estuary, community 
respiration (-30.7 mmolCm-2 d-1) was significantly 
high compared to the other seasons14.  
Dissolved oxygen concentration ranged from 160 
to 311 µM, which showed average lower 
concentration during the end of the monsoon and the 
pre-monsoon season in VGE than GGE.  This is 
because of less volume of fresh water entered into in 
the VGE (~30 %) as compared to the GGE (~70 %) 
from dam during these seasons (Appendix, Table. 1). 
In contrast, DO was higher in VGE than GGE during 
the end of the post-monsoon season which may be 
due to respiration of organic matter that may take 
place in the later estuary (Table 1, 2). This also 
supports the lower pH conditions observed in the 
GGE, which may  
Table 2 — Summary of Hydrochemical parameters in Gautami Godavari 
 Monsoon Post Monsoon Pre Monsoon 
 Min Max Avg ± SD Min Max Avg ± SD Min Max Avg ± SD 
Salinity 0.16 17.33 7.61±7.11 10.79 29.71 21.83±8.30 1.50 29.77 19.25±13.44 
Temperature (°C) 29.00 31.00 30.00±0.63 29.00 30.00 29.46±0.41 29.50 30.50 30.33±0.41 
pH 7.93 8.47 8.16±0.23 7.83 8.14 7.95±0.11 7.35 8.49 8.05±0.48 
DO (µM) 185 311 242±51 186 233 215±19 218 270 248±17 
Saturation (%) 78 124 99±17 78 109 96±10 98 125 110±12 
NO3- -N (µM) 17.60 32.94 27.29±5.61 9.54 23.15 14.44±4.89 4.42 20.24 10.79±7.19 
NH4+-N (µM) 0.30 1.85 1.15±0.69 0.15 0.80 0.42±0.22 0.15 1.20 0.55±0.41 
NO2- -N (µM) 0.40 0.62 0.50±0.07 0.11 0.35 0.24±0.08 0.13 0.60 0.62±0.70 
PO43- -P (µM) 0.99 1.40 1.16±0.16 0.54 1.08 0.78±0.19 0.14 0.45 0.26±0.13 
SiO42- -Si (µM) 89.76 220.08 157.72±50.56 7.44 53.52 23.27±18.99 33.36 241.68 117.90±84.82 
Chla (mg/m3) 4.66 26.34 14.98±9.10 2.83 6.72 4.36±1.31 3.25 11.36 7.34±2.97 
DIN:DIP 18.63 30.53 25.16±5.16 11.23 33.04 20.19±7.49 14.49 152.01 68.01±63.80 
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Fig. 2 — Seasonal distribution of salinity in the Vasishta and Gautami Godavari: a & b) Monsoon, c & d) Post monsoon, e & f) 
Pre monsoon season. 
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Fig. 3 — Seasonal distribution of pH in the Vasishta and Gautami Godavari: a & b) Monsoon, c & d) Post monsoon, e & f) Pre monsoon season.
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be formed by the degradation of organic matter by 
utilization of dissolved oxygen.  To differentiate the 
production and respiration of organic matter, oxygen 
saturation (%) was calculated18 from the temperature, 
salinity and measured DO concentrations. DO 
saturation ranged from 69 to 124 %, which showed 
under saturation during the end of the monsoon 
season in VGE due to less fresh water discharge in 
this estuary.  However, in the case of GGE, saturation 
was significantly high in the entire water column 
during the end of the premonsoon season due to 
increase of primary production.  DO was less 
saturated in GGE than VGE during the end of the post 
monsoon in the entire water column.  This may be 
because of production as well as respiration of 
organic matter14 taking place in the former estuary.  
Earlier reports also stated that production was 
significantly high due to the addition of aquaculture 
farms drainage, which contains nutrients leading to 
increase of primary production in VGE7. Average DO 
saturation was significantly high in the VGE than 
GGE except during the end of the monsoon season. 
NH4+-N concentration ranged from 0.13 to 1.85 µM, 
which did not show significant spatial variation in 
both regions, but observed higher concentration 
during the end of the monsoon season due to fresh 
water discharge from upstream during this season. 
However, in the other seasons this was lower 
concentrations due to utilization during the process of 
photosynthesis may be taking place. NO2- -N was 
ranged from 0.07 to 1.03 µM, which did not show 
significant trend during the end of the monsoon and 
pre-monsoon season in both the estuaries.  However, 
during the post monsoon season significantly higher 
concentration in VGE was observed which could be 
due to bacterial oxidation of ammonia19 or excreted 
by phyotoplankton20. NO3- -N ranged from 3.23 to 
40.86 µM, which showed significant seasonal and 
spatial variation in VGE (Fig. 4-f) was lower during 
the end of the post monsoon and decrease from UE to 
LE.  This may be due to uptake by phytoplankton in the 
process of photosynthesis or due to the intrusion of 
saline water, which contains lower concentrations21-23. In 
the case of GGE, higher concentrations in surface water 
than bottom waters during the end of the monsoon and 
post monsoon seasons due to fresh water discharge from 
upstream water and mineralization of organic matter 
may be taking place, respectively. This also supported 
by the earlier studies in this estuary that showed high 
concentration of NO3- -N during non-discharge season14. 
PO43- -P ranged from 0.14 to 1.40 µM, which did 
not show significant seasonal and spatial variation, 
and lower concentrations in VGE may be due to less 
fresh water discharge and intrusion of high saline 
water taking place.  However, in GGE decreasing 
gradually from the end of the monsoon to the pre-
monsoon season due to decreasing fresh water 
discharge and biological uptake during the process  
of photosynthesis. SiO42- -Si ranged from 5.76 to 
241.6 µM in the study area, and decrease in 
concentration from UE to LE in the both the estuaries 
during all the seasons.  This showed lower 
concentration during the end of the post monsoon 
season in both the estuaries than the other seasons  
due to uptake by phytoplanktons in the process  
of photosynthesis (Fig. 5c).  Higher SiO42--Si 
concentrations were observed in UE during pre-
monsoon season in both the estuaries due to release  
of fresh water stored in the dam for the irrigation 
process in low lying areas11. On an averege, higher 
SiO42--Si concentrations in GGE during the study 
period was due to high volume of fresh water 
discharge into the earlier estuary than the later from 
the upstream (Fig. 5d). 
Chl a ranged from 1.27 to 31.34 mg/m3 and 
showed significantly higher concentrations during the 
end of the monsoon season and premonsoon season in 
VGE due to nutrient rich fresh water inputs and  
in situ primary production, respectively (Table 1 & 2).  
However, in the case of GGE even though nutrients 
inputs from upstream and local inputs, lower Chl-a 
was observed due to the bacterial degradation of 
phytoplanktons. This was also evidenced by higher 
heterotrophy activity in this estuary14. DIN to DIP 
ratio ranged from 8.54 to 152.01 mg/m3, which was 
significantly higher in the VGE during the end of the 
monsoon season due to less fresh water discharge 
with low concentrations of PO43--P leaching from the 
rocks during the process of weathering.  However, in 
other seasons, higher in GGE was seen due to local 
anthropogenic inputs and mineralization of organic 
matter that releases nitrogen species in this 
environment.  Salinity showed significantly negative 
correlation with nutrients NO3- -N, PO43--P and SiO42-
-Si (n=18, p=001, <0.0001 and <0.001, respectively) 
in GGE compared to VGE during the study period 
(Fig. 6a-c).  This explains that the former estuary is 
dominated by freshwater than the later.  This is also 
evidenced by GGE surrounded by intense mangrove 
region, which resists the intrusion of saline water. 
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Fig. 4 — Seasonal distribution of NO3- -N (µM) in the Vasishta and Gautami Godavari: a & b) Monsoon, c & d) Post monsoon, e & f) 
Pre monsoon season. 
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Fig. 5 — Seasonal distribution of SiO42--Si in the Vasishta and Gautami Godavari: a & b) Monsoon, c & d) Post monsoon, e & f) 
Pre monsoon seasons 
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Fig. 6 — Correlation of a) NO3- -N b) PO43--P and c) SiO42--Si 
with salinity 
 
Conclusion 
Since the Gautami and Vasishta Godavari estuary 
have distinct geomorphological features, according to 
that significant differences in hydrochemical 
properties in the VGE.  Density stratification was 
significant in VGE during the entire study period due 
to the intrusion of saline water.  Even though fresh 
water discharge was less in VGE, significant primary 
production was higher compared to the respiration.  
Salinity showed non-conservative behaviour with 
nutrients in the entire study period in VGE.  Further 
intense studies are required to study the aquaculture 
influences in this estuarine biogeochemistry. 
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